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10 

METHODS FOR SYNTHESIZING DIVERSE COLLECTIONS 
OF PYRROLIDINE COMPOUNDS 

15 

BACKGROUND OF THE PJVENTION 

20 Field of the Invention 

This invention is directed to methods for synthesizing very large 
collections of diverse pyrrolidine compounds on solid supports. This 
invention is further directed to methods for identifying and isolating 
pyrrolidine compounds with useful and diverse activities from such 

25 collections. This invention is still further directed to the incorporation of 
identification tags in such collections to facilitate identification of 
compounds with desired properties. 
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All of the above publications, patents and patent applications are 
30 herein incorporated by reference in their entirety to the same extent as if 

each individual publication, patent or patent application was specifically and 
individually indicated to be incorporated by reference in its entirety. 

State of the Art 

35 ligands for macromolecular receptors can be identified by screening 

diverse collections of compounds, e.g., peptides, produced through either 
molecular biological or synthetic chemical techniques. For example, 
recombinant peptide libraries have been generated by inserting degenerate 
oligonucleotides into genes encoding capsid proteins of filamentous 

40 bacteriophage and the DNA-binding protein Lac I. 2 " 8 These random 
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libraries contain more than 10 9 different peptides, each fused to a larger 
protein sequence that is physically linked to the genetic material encoding 
it. Such libraries are efficiently screened for interaction with a receptor by 
several rounds of affinity purification, the selected exposition or display 
5 vectors being amplified in E. coli and the DNA of individual clones 
sequenced to reveal the identity of the peptide responsible for receptor 
binding. 9 ' 10 

Other disclosed methods for screening libraries of compounds for 
binding properties to a receptor include methods wherein each member of 

10 the library is tagged with a unique identifier tag to facilitate identification 
of compounds having binding properties 11,12 or where the library comprises 
a plurality of compounds synthesized at specific locations on the surface of 
a solid substrate wherein the receptor is appropriately labeled to identify 
binding, e.g., fluorescent or radioactive labels. Correlation of the labelled 

15 receptor bound to the substrate with its location on the substrate identifies 
the binding ligand. 13 

Central to these methods is the screening of a multiplicity of 
compounds in the library and the ability to identify the structures of the 
compounds which have a requisite binding affinity for the receptor. 

20 Preferably, in order to facilitate synthesis and identification, the compounds 
in the library are typically formed on solid supports wherein the compound 
is covalently attached to the support via a cleavable or non-cleavable 
linking arm. In this regard, the diversity of naturally occurring amino 
acids permits the generation of extensive peptide libraries on such solid 

25 supports without resort to the use of synthetic amino acids which can 

include derivatives of naturally occurring amino acids. These libraries are 
then screened to identify "lead compounds" having good binding affinity to 
the receptor. 

Pharmaceutical drug discovery relies heavily on studies of structure- 
30 activity relationships wherein the structure of "lead compounds" is typically 
altered to determine the effect of the alteration on activity. When the lead 
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compound comprises one or more amino acids (e.g., a peptide), alteration 
of the structure of one or more of the amino acid(s) permits evaluation of 
the effect of the structural alteration on activity. Thus libraries of 
compounds derived from a lead compound can be created by including 
5 derivatives of the amino acids in the peptides and repeating the screening 

38 39 

procedures. ' 

The use of such amino acid derivatives in these libraries has been 
disclosed in the art. 12,13 Ideally, the amino acid derivative is synthesized in 
situ on the solid support so that the support can be tagged to identify the 
10 synthetic steps employed and/or the derivative incorporated onto the 
support. However, relatively simple synthetic methods to produce a 
diverse collection of such derivatives on the supports are often not 
available. 

One particular class of compounds which would be useful for 
15 inclusion in screening libraries are pyrrolidine compounds, including 

proline and derivatives thereof. These compounds form the basis of an 
important class of compounds having diverse pharmaceutical and chemical 
properties. Pyrrolidine compounds are the central skeletal feature on 
numerous alkaloids. 1 In addition, proline, itself, is often included in the 
20 structure of peptides having receptor binding activity and derivatives of 
proline form important pharmaceutical compositions such as Captopril, a 
commercial anti-hypertensive agent and inhibitor of angiotensin-converting 
enzyme (ACE). 

The inclusion of certain proline derivatives into such libraries is 
25 well known in the art. However, a simple procedure for the in situ 

incorporation of a multiplicity of pyrrolidine derivatives on solid supports 
is not previously known. The ability to synthesize a multiplicity of 
pyrrolidine derivatives on a solid support or on different solid supports 
would enhance the structural variation of a library and provide important 
30 structure-activity information. 
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SUMMARY OF THE INVENTION 
This invention is directed to general synthetic methods for 
incorporating a pyrrolidinyl group on a solid support which methods can be 
employed in conjunction with known stochastic methods for preparing 

5 libraries of compounds comprising one or more pyrrolidinyl groups. 

Solid supports containing such pyrrolidinyl groups preferably 
comprise a linking arm which links the solid support to the compound. 
The linking arm can be either cleavable or non-cleavable and when 
cleavable, can be used to prepare a library of soluble compounds. The 

10 library of compounds on the solid support comprises monomers and 

sequences of monomers (e.g., oligomers and polymers), the monomers 
employed with such oligomers and polymers being any member of the set 
of molecules which can be joined together to form an oligomer or polymer 
(e.g., amino acids, carbamates, sulfones, sulfoxides, nucleosides, 

15 carbohydrates, ureas, phosphonates, lipids, esters, combinations of the 

same, and the like). In the case of a library of monomers, the compound 
attached to the solid support is a pyrrolidine compound and, in the case of 
libraries of oligomers and polymers, at least one of the monomers of the 
oligomer and polymer is a pyrrolidinyl group. 

20 The library is screened to isolate individual compounds that bind to 

a receptor or possess some desired property. In a preferred embodiment, 
each compound in the library is unique. 

Accordingly, in one of its method aspects, this invention is directed 
to a method for synthesizing a pyrrolidinyl group covalently attached to a 

25 solid support which method comprises: 

(a) selecting a solid support comprising at least one compound 
covalently attached thereto which compound comprises a moiety selected 
from the group consisting of a complementary group having at least one 
site of carbon-carbon unsaturation and an azomethine ylide precursor; 

30 (b) converting said moiety to a pyrrolidinyl group. 
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The solid supports prepared in the methods described above can be 
used, for example, in creating libraries of compounds in the manner 
described in International Patent Application Publication No. WO 93/06121 
or in the solid supports described in U.S. Patent No, 5,143,854, to screen 
5 said compounds for binding affinity to iigands. 

Accordingly, in another of its method aspects, this invention is 
directed to a method for preparing a synthetic compound library produced 
by synthesizing on each of a plurality of solid supports a single compound 
wherein each compound comprises at least one pyrrolidinyl group, which 
10 library is synthesized in a process comprising: 

a) apportioning the supports comprising a covalently bound 
azomethine ylide precursor or a covalently bound complementary group 
comprising at least one site of carbon-carbon unsaturation among a plurality 
of reaction vessels; 

15 b) exposing the supports in each reaction vessel under conditions 

wherein the azomethine ylide precursor or the complementary group is 
converted to a pyrrolidinyl group wherein said pyrrolidinyl group is 
different for each of the reaction vessels; and 
c) optionally, pooling the supports. 

20 In one embodiment procedures a) through c) are conducted only 

once whereas in another embodiment procedures a) through c) are repeated 
up to about 20 times. 

If procedure a) through c) are conducted only once, then the 
resulting library comprises a library of different pyrrolidine compounds 

25 covalently attached to the solid support. These pyrrolidine compounds can 
be either directly attached or linked to the solid support or can be part of a 
larger molecule already synthesized on the support. According to another 
embodiment, these pyrrolidine compounds are cleaved from the solid 
support. 

30 If procedures a) through c) are conducted a multiple number of 

times, then each of the resulting compounds is an oligomer/polymer. 



Preferably, in the methods described above, the azomethine ylide 
precursor is converted to the pyrrolidinyl group by converting this 
precursor to an azomethine ylide which is then reacted with a 
complementary compound having at least one site of carbon-carbon 
unsaturation so as to form a pyrrolidinyl group. Likewise, the 
complementary group or moiety having at least one site of carbon-carbon 
unsaturation is preferably converted to a pyrrolidinyl group by reaction 
with an azomethine ylide. 

In still another of its method aspects, this invention is directed to a 
method for preparing a synthetic compound library produced by 
synthesizing on each of a plurality of solid supports a single compound, 
wherein each compound comprises a pyrrolidinyl group, which library is 
synthesized in a process comprising: 

a) apportioning the supports among a plurality of reaction vessels; 

b) exposing the supports in each reaction vessel to a first monomer 
under conditions wherein the first monomer becomes covalently linked to 
the support wherein said first monomer is different for each of the reaction 
vessels; 

c) pooling the supports; and 

d) optionally repeating procedures a) through c) up to about 20 

times; 

wherein at least one of the monomers employed in procedure b) 
comprises a moiety selected from the group consisting of a complementary 
compound having at least one site of carbon-carbon unsaturation and a 
group convertible to an azomethine ylide precursor which moiety is 
converted to a pyrrolidinyl group prior to procedure c). 

In the case, where the monomer contains a moiety convertible to an 
azomethine ylide precursor, conversion to the pyrrolidinyl group is 
achieved by first converting this moiety to an azomethine ylide precursor, 
then to the azomethine ylide followed by reaction with a complementary 
compound having at least one site of carbon-carbon unsaturation. As 
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before, conversion of a complementary compound having at least one site 
of carbon-carbon unsaturation to the pyrrolidinyl group is by reaction with 
an azomethine ylide. Moieties convertible to azomethine ylide 

precursors include aldehyde and ketone moieties as well as primary amines 
5 having a methine hydrogen atom alpha to the amino group. Such moieties 
are readily convertible to imines having a methine or methylene hydrogen 
atom alpha to the amino group which, as noted below, are azomethine ylide 
precursors. 

In a preferred embodiment for each of the above described methods, 
10 the azomethine ylide precursor is an imine group having a methine or 

methylene hydrogen atom alpha to the nitrogen atom of the imine group or 
is convertible to such an imine group which is preferably linked to the solid 
support through a linking arm. 

In a further preferred embodiment for each of the above described 
15 methods, the resulting pyrrolidinyl group comprises a secondary amino 
group in the ring structure which can optionally be employed to further 
modify the pyrrolidinyl group. 

In one of its composition aspects, this invention is directed to a 
synthetic compound library comprising a plurality of different compounds 
20 each compound covalently linked to a solid support wherein each of said 
compounds comprise at least one pyrrolidinyl group which group is 
prepared by the method which comprises 

(a) selecting a solid support comprising at least one compound 
attached thereto which compound comprises a moiety selected from the 

25 group consisting of a complementary group having at least one site of 
carbon-carbon unsaturation and an azomethine ylide precursor; 

(b) converting said moiety to a pyrrolidinyl group. 

In one embodiment, each compound of said plurality of different 
compounds is covalently linked to the same solid support in the manner 
30 described in U.S. Patent No. 5,143,854. In another embodiment, each 

compound of said plurality of different compounds is covalently linked to a 
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different solid support in the manner described in International Patent 

Application Publication No. WO 93/06121. Both U.S. Patent No. 

5,143,854 and International Patent Application Publication No. 93/06121 

are incorporated herein by reference in their entirety. In yet another 
5 embodiment, each compound, or a portion thereof, is cleaved from the 

solid support to yield a soluble synthetic compound library. 

In one preferred embodiment, the -NH moiety of the pyrrolidinyl 

group is used to incorporate this group into a peptide compound wherein 

the pyrrolidinyl group is located at any point in the peptide sequence. In 
10 another preferred embodiment, the -NH moiety of the pyrrolidinyl group is 

modified by acylation, sulfonylation, alkylation and the like to form a 

variety of pyrrolidinyl derivatives. 

In yet another preferred embodiment, the library comprises a 

plurality of pyrrolidinyl monomers (compounds) which are screened for 
15 biological or pharmaceutical activity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the synthesis of an azomethine ylide precursor 3 
on a solid support A, conversion of precursor 3 to azomethine ylide 6 and 
20 subsequent formation of pyrrolidinyl group 8. 

Figure 2A-2D illustrates several cleavable linking arms for 
covalently linking compounds comprising at least one pyrrolidinyl group to 
the solid support. 

Figure 3 illustrates a split/pool combinatorial synthesis approach 
25 capable of producing a library of mercaptoacyl proline derivatives from 
amino acid, aldehyde, olefin, and mercapto acid building blocks. 

Figure 4 illustrates the identification of a potent ACE inhibitor using 
deconvolution analysis. The inhibitory activity of pools of decreasing 
complexity ((a)-(d)) produced by iterative resynthesis is shown, where IC 50 
30 refers to the total concentration of the pool (determined as free thiol by 



Ellman assay) giving 50% inhibition of hydrolysis of Hip-His-Leu (1 mM) 
by rabbit kidney ACE (2 nm). 

Figure 5 depicts a HPLC analysis of ACE-inhibitory mercaptoacyl 
proline precursors (compounds 10 and U) from preparative solid-phase 
synthesis. 

Figure 6 illustrates a split/pool combinatorial synthesis approach 
capable of producing a library of mercaptoacyl proline derivatives from 
amino acid, aldehyde, olefin, and mercapto acid building blocks. 

Figures 7 and 8 illustrate the formation of fused heterocyclic rings 
employing the methods of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

This invention is directed to synthetic methods for preparing 
pyrrolidinyl groups in situ on solid supports and the use of these methods 
to incorporate pyrrolidinyl groups in large synthetic compound libraries. 

Prior to discussing this invention in further detail, the following 
terms will first be defined: 

The term "substrate" or "solid support" refers to a material having a 
rigid or semi-rigid surface which contains or can be derivatized to contain 
reactive functionality which covalently links a compound to the surface 
thereof. Such materials are well known in the art and include, by way of 
example, silicon dioxide supports containing reactive Si-OH groups, 
polyacrylamide supports, polystyrene supports, polyethyleneglycol 
supports, and the like. Such supports will preferably take the form of 
small beads, pellets, disks, or other conventional forms, although other 
forms may be used. In some embodiments, at least one surface of die 
substrate will be substantially flat. Preferred substrates include polystyrene 
resins preloaded with protected amino acids. More preferably, the amino 
acids will be protected with the Fmoc group. Particularly preferred 
substrates include TentaGel™ pre-loaded with Fmoc-protected amino acids 
at a loading of about 0.5 grams /loading 0.20-0.26 mmol. 
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The term "azomethine ylide precursor" refers to any group, 
substituent or functionality which is convertible to an azomethine ylide. 
Such precursors are known in the art 1,14 * 31 and include, by way of example 
only, aziridines, imines having a methine or methylene hydrogen atom a to 

5 the nitrogen atom of the imine, and the like. 

The compounds comprising an azomethine ylide precursor can be 
covalently attached directly to the solid support or can be attached via a 
linking arm. Linking arms or linkers are well known in the art and 
include, by way of example only, conventional linking arms such as those 

10 comprising ester, amide, carbamate, ether, thio ether, urea, amine groups 
and the like. 

The linking arm can be cleavable or non-cleavable. M Cleavable 
linking arms" refer to linking arms wherein at least one of the covalent 
bonds of the linking arm which attaches the compound comprising the 

15 pyrrolidinyl group to the solid support can be readily broken by specific 
chemical reactions thereby providing for compounds comprising 
pyrrolidinyl groups free of the solid support ("soluble compounds"). The 
chemical reactions employed to break the covalent bond of the linking arm 
are selected so as to be specific for bond breakage thereby preventing 

20 unintended reactions occurring elsewhere on the compound. The cleavable 
linking arm is selected relative to the synthesis of the compounds to be 
formed on the solid support so as to prevent premature cleavage of this 
compound from the solid support as well as not to interfere with any of the 
procedures employed during compound synthesis on the support. 

25 Suitable cleavable linking arms are well known in the art and 

Figures 2A-2D illustrates several embodiments of such linking arms. 
Specifically, Figure 2A illustrates a cleavable Sasrin resin comprising 
polystyrene beads and a cleavable linking arm as depicted therein which 
linking arm is cleaved by strong acidic conditions such as trifluoroacetic 

30 acid. Cleavage results in breakage at the vertical line interposed between 
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the oxygen and carbonyl moieties of the ester so as to provide for a 
compound terminating in a carboxylic acid. 

Figures 2B and 2C illustrate cleavable TentaGel AC and TentaGel 
PHB resins respectively, each comprising a polystyrene bead and the 

5 cleavable linking arm depicted therein both of which are cleaved by strong 
acidic conditions such as trifluoroacetic acid. Cleavage results in breakage 
at the vertical line interposed between the oxygen and carbonyl moieties of 
the ester so as to provide for a compound terminating in a carboxylic acid. 
Figure 2D illustrates a cleavable TentaGel RAM resin comprising a 

10 polystyrene bead and a cleavable linking arm depicted therein which is 

cleaved by strong acidic conditions such as trifluoroacetic acid. Cleavage 
results in breakage at the wavy line interposed between the nitrogen and the 
benzhydryl carbon of the linking arm so as to provide for a compound 
terminating in an amide group. In this case, this linking arm facilitates 

15 formation of the amide bond by stabilizing the intermediate carbonium ion 
on the carbon atom between the two aromatic groups. Such stabilization 
permits selective bond cleavage as compared to bond cleavage for other 
amide groups of the compound comprising a pyrrolidinyl group. 

Reversible covalent cleavable linkages can be used to attach the 

20 molecules to the support. Examples of suitable reversible chemical 
linkages include (1) a sulfoester linkage provided by, e.g., a thiolated 
tagged-molecule and a N-hydroxy-succinimidyl support, which linkage can 
be controlled by adjustment of the ammonium hydroxide concentration; (2) 
a benzylhydryl or benzylamide linkage provided by, e.g., a Knorr linker, 

25 which linkage can be controlled by adjustment of acid concentration; (3) a 
disulfide linkage provided by, e.g., a thiolated tagged-molecule and a 2- 
pyridyl disulfide support (e.g., thiolsepharose from Sigma), which linkage 
can be controlled by adjustment of the DTT (dithiothreitol) concentration; 
and (4) linkers which can be cleaved with a transition metal (i.e. 

30 HYCRAM). 
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The linker may be attached between the tag and/or the molecule and 
the support via a non-reversible covalent cleavable linkage. For example, 
linkers which can be cleaved photolytically can be used. Preferred 
photocleavable linkers of the invention include those recited in U.S. Patent 
5 Application Serial No. 08/374,492, filed, Juanuary 17, 1995, 6-nitrovera- 
tryoxycarbonyl (NVOC) and other NVOC related linker compounds (see 
PCT patent publication Nos. WO 90/15070 and WO 92/10092; see also 
U.S. patent application Serial No. 07/971,181, filed 2 Nov. 1992, 
incorporated herein by reference); the ortho-nitrobenzyl-based linker 

10 described by Rich (see Rich and Gurwara (1975) J. Am. Chem. Soc. 

97:1575-1579; and Barany and Aibericio (1985) J. Am. Chem. Soc. 107 : 
4936-4942) and the phenacyl based linker discussed by Wang, (see Wang 
(1976) J. Org. Chem. 41:3258; and Bellof and Mutter (1985) Chimia 
22:10). Other particularly preferred photocleavable linkers are shown 

15 below: 




H H 
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"Non-cleavable linking arms" refer to linking arms wherein the 
covalent bonds linking the compound comprising a pyrrolidinyl linking 
group to the solid support can only be cleaved under conditions which 
chemically alters unintended parts of the structure of the compound 
5 attached thereto. 

The term "pyrrolidinyl group" refers to a saturated 5-member ring 
heterocyclic compound containing one (1) ring nitrogen atom optionally 
containing vinyl unsaturation between carbons 3 and 4 of the ring. When 
fully saturated, the pyrrolidinyl group can be depicted as follows: 

10 




15 

Substituents to the pyrrolidinyl group can occur at any of the ring atoms 
including the nitrogen atom in the manner depicted above. Such 
substituents are governed solely by the reagents employed thereby 
providing flexibility in preparing a large library of pyrrolidinyl compounds. 

20 Suitable substituents include, by way of example only: 

alkyl groups of from 1 to 10 carbon atoms optionally substituted 
with 1 or more (typically up to 5) substituents selected from the group 
consisting of hydroxyl, halo, cyano, amino, mono- and di-alkylamines of 
from 1 to 10 carbon atoms in each alkyl group, alkoxy of from 1 to 10 

25 carbon atoms, -SH, -SR where R is alkyl of from 1 to 10 carbon atoms, 

carboxyl, carboxyl esters of from 1 to 10 carbon atoms in the ester moiety, 
-NR l C(0)R 2 where R 1 and R 2 are independently selected from the group 
consisting of hydrogen and alkyl of from 1 to 10 carbon atoms, 
heterocycles having from 2 to 6 carbon atoms and 1 to 3 ring hetero atoms 

30 selected from the group consisting of nitrogen, oxygen and sulfur, aryl 

groups of from 6 to 10 carbon atoms optionally substituted with from 1 to 
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3 substituents on the aryl moiety selected from the group consisting of 
halo, hydroxyl, amino, cyano, carboxyl, nitro, alkyl of from 1 to 10 
carbon atoms, and alkoxyl of from 1 to 10 carbon atoms, 

alkoxy of from 1 to 10 carbon atoms optionally substituted with 
5 1 or more (typically up to 5) substituents selected from the group consisting 
of hydroxyl, halo, cyano, amino, mono- and di-alkylamines of from 1 to 10 
carbon atoms in each alkyl group, alkoxy of from 1 to 10 carbon atoms, 
-SH, -SR where R is alkyl of from 1 to 10 carbon atoms, carboxyl, 
carboxyl esters of from 1 to 10 carbon atoms in the ester moiety, 

10 -NR 1 C(0)R 2 where R 1 and R 2 are independently selected from the group 
consisting of hydrogen and alkyl of from 1 to 10 carbon atoms, 
heterocycles having from 2 to 6 carbon atoms and 1 to 3 ring hetero atoms 
selected from the group consisting of nitrogen, oxygen and sulfur, aryl 
groups of from 6 to 10 carbon atoms optionally substituted with from 1 to 

15 3 substituents on the aryl moiety selected from the group consisting of 
halo, hydroxyl, amino, cyano, carboxyl, nitro, alkyl of from 1 to 10 
carbon atoms, and alkoxyl of from 1 to 10 carbon atoms, 
carboxyl groups, 

carboxyl ester groups wherein the ester group comprises from 1 to 

20 10 carbon atoms, 

R-C(O)- groups where R is alkyl of from 1 to 10 carbon atoms 
optionally substituted on the alkyl group with 1 or more (typically up to 5) 
substituents selected from the group consisting of hydroxyl, halo, cyano, 
amino, mono- and di-alkylamines of from 1 to 10 carbon atoms in each 

25 alkyl group, alkoxy of from 1 to 10 carbon atoms, -SH, -SR where R is 

alkyl of from 1 to 10 carbon atoms, carboxyl, carboxyl esters of from 1 to 
10 carbon atoms in the ester moiety, -NR ! C(0)R 2 where R 1 and R 2 are 
independently selected from the group consisting of hydrogen and alkyl of 
from 1 to 10 carbon atoms, heterocycles having from 2 to 6 carbon atoms 

30 and 1 to 3 ring hetero atoms selected from the group consisting of nitrogen, 
oxygen and sulfur, aryl groups of from 6 to 10 carbon atoms optionally 
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substituted with from 1 to 3 substituents on the aryl moiety selected from 
the group consisting of halo, hydroxyl, amino, cyano, carboxyl, nitro, alkyi 
of from 1 to 10 carbon atoms, and alkoxyl of from 1 to 10 carbon atoms, 
aryl groups of from 6 to 10 carbon atoms optionally from 1 to 3 

5 substituents on the aryl moiety selected from the group consisting of halo, 
hydroxyl, amino, cyano, carboxyl, nitro, alkyi of from 1 to 10 carbon 
atoms, alkoxyl of from 1 to 10 carbon atoms. 

In addition to the above, two of the substituents can be joined to 
form a fused bicyclic ring structure. 

10 In one embodiment, the pyrrolidinyl group contains a carboxyl 

substituent alpha to the nitrogen ring atom to provide for proline 
derivatives. It being understood that such proline derivatives are a 
preferred subclass of the herein described pyrrolidinyl groups. 

In another embodiment, the methods described herein permit the 

15 incorporation of unsaturation between carbon atoms 3 and 4 of the 
pyrrolidinyl group. While inclusion of such unsaturation alters the 
nomenclature of the resulting compounds to 3-pyrrolinyl, they are 
nevertheless encompassed within the scope of the term "pyrrolidinyl" for 
the purposes of this disclosure. When the ring contains such 

20 unsaturatation, the pyrrolidinyl group can be depicted as follows: 




25 

The term "a compound having at least one imine group with a 
methine or methylene hydrogen atom a to the nitrogen atom of the imine 
group" refers to any compound which structure comprises a 



30 



>C=N-CHR- 
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group covalently attached to the compound wherein R is any substituent 
which does not form an unsaturated moiety with the CH group so that the 
CHR group defines a methine or methylene group. 

The term "a complementary compound (group or moiety) having at 

5 least one site of caibon-carbon unsaturation" refers to those compounds, 
groups and moieties having carbon-carbon unsaturation which are reactive 
with azomethine ylides to form pyrrolidinyl compounds. Such 
complementary compounds, groups and moieties preferably employ an 
activating group to facilitate reaction with the azomethine ylide and one 

10 group of preferred activating groups is an electron withdrawing substituent 
or group which is preferably covalently attached to at least one of the 
unsaturated carbon atoms of the complementary compound, group or 
moieties. Suitable complementary compounds having at least one site of 
carbon-carbon unsaturation which contain an electron withdrawing group 

15 include, by way of example only, acrylic acid, acrolein, methacrylic acid, 
a-cyanoacrylic acid, acrylonitrile, fumaric acid, maleic acid, maleic 
anhydride, maleimide, N-substituted maleimide, acrylonitrile, acetylene 
dicarboxylic acid, isocrotonoic acid, crotononitrile, as well as esters of any 
of the recited carboxylic acids, and the like. Particular preferred 

20 complementary compounds having at least one site of carbon-carbon 
unsaturation include, by way of example, dimethyl maleate, dimethyl 
fumurate, methyl acrylate, methyl methacyrlate, phenyl acrylate, ethyl 
acrylate, and acrylonitrile. 

Preferred complementary groups or moieties having at least one site 

25 of carbon-carbon unsaturation include those derived from the compounds 
recited above but which are covalently attached to a larger molecule, e.g., 
a -CH=CH-CN group, etc. 

As noted above, the carbon-carbon unsaturation includes both 
ethylenic unsaturation (i.e., >C=C<) and acetylenic unsaturation (i.e., 

30 -C=C-). Use of a complementary compound, group or moiety having 

ethylenic unsaturation results in a saturated pyrrolidinyl group whereas the 
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use of a complementary compound, group or moiety having acetylenic 
unsaturated results in a pyrrolidinyl compound having ethylenic 
unsaturation between carbon atoms 3 and 4 of the pyrrolidinyl group (i.e., 
a pyrrolinyl group), 
5 The particular complementary compound having carbon-carbon 

unsaturation employed in the methods described herein is not critical. 

Methods for Preparing Pvrrolidinvl Groups on Solid Supports 

The synthesis of a pyrrolidinyl group on the solid support is effected 

10 by reaction of an azomethine ylide with a complementary compound having 
carbon-carbon unsaturation. In turn, an azomethine ylide is generated from 
an azomethine ylide precursor compound by methods well known in the 
art. Surprisingly, it has been found that these known methods can be 
conducted on solid supports thereby providing methods for generating 

15 libraries of compounds containing pyrrolidinyl groups on solid supports. 

The generation of an azomethine ylide from a precursor molecule is 
well documented in the art. 14 " 31 However, one particularly preferred 
method is the treatment of an imine having a methine or methylene 
hydrogen atom alpha to the nitrogen atom of the imine group with a base 

20 (B) of sufficient basicity to extract this methine or methylene hydrogen 

atom. Specifically, as illustrated in Figure 1, imine 3 is treated with base 5 
to provide for azomethine ylide 6. The resulting azomethine ylide £ is 
reacted with a complementary compound having carbon-carbon unsaturation 
which, in figure 1, is illustrated with maleic anhydride 2 to provide for 

25 pyrrolidinyl compound g. 

Each procedure (formation of the azomethine ylide and reaction of 
this ylide with the complementary compound having carbon-carbon 
unsaturation) for this reaction is preferably conducted in a single reaction 
medium. The first procedure for this reaction is conducted in an inert 

30 solvent with a stoichiometric or excess amount of base 5 relative to imine 
£. Although the choice of solvent may effect the steroisomeric product 
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distribution, the particular solvent employed is not critical. Suitable 
solvents include, by way of example only, acetonitrile, dimethylformamide, 
tetrahydrofuran and the like. A particularly preferred solvent is trimethyl 
orthoformate. 

5 Likewise, the particular base employed is not critical and is selected 

relative only to its ability to extract the methine or methylene hydrogen 
atom thereby generating the azomethine ylide and to promote the formation 
of the cycloadduct rather than the cycloadduct. 32 Suitable bases include, 
by way of example only, triethylamine, diazabicyclo[4.3.0]undecene, 

10 pyridine, diazabicyclo[2.2.2]octane, n-butyllithium, lithium 
diisopropylamine, and the like. 

The reaction is optionally, but preferably, conducted in the presence 
of at least an approximate stoichiometric amount of a Lewis acid 4 which 
facilitates reaction completion by enhancing the acidity of the methine or 

15 methylene hydrogen atom. Additionally, when a carbonyl group is /S to the 
nitrogen atom of the imine (as depicted in compounds 3 and 6 of Figure 1), 
the metallic cation of the Lewis acid chelates with this carbonyl group 
thereby increasing the acidity of the methine or methylene hydrogen 
interposed between the nitrogen atom of the imine and the carbon atom of 

20 the carbonyl group. In turn, this increase in acidity permits the use of 
milder bases to effect extraction of the methine hydrogen atom. 

Suitable Lewis acids are well known in the art and the particular 
Lewis acid employed is not critical. Suitable Lewis acids include, but are 
not limited to, silver(I) nitrate, silver(I) carbonate, lithium chloride, lithium 

25 bromide, zinc(II) chloride, titanium(IV) chloride, aluminum(III) chloride, 
titanium(TV) isopropoxide, zirconium(IV) chloride, palladium(II) chloride, 
cobalt(II) chloride, and lanthanum(IH) triflate. In one preferred 
embodiment, the Lewis acid is selected from the group consisting of 
silver© nitrate, silver(I) carbonate, lithium chloride, lithium bromide, and 

30 the like which are depicted as M + in Figure 1. 



WO 95/35278 



PCT/US95/07878 



-21 - 

The choice and concentration of Lewis acid (as well as the nature of 
the resin support) may effect the selectivity of the cycloaddition reaction. 
For example, with Lewis acids capable of chelation, endo-selective 
cycloadditions to the W-configured (syn) azomethine ylides typically will 
5 predominate, presumably due to chelation control in the transition states. 
A lower degree of selectivity is seen in cycloadditions to complementary 
compounds having carbon-carbon unsaturation, but lacking a carbonyl 
substituent (e.g., acrylonitrile). Importantly, the product distribution is 
highly reproducible for any given set of conditions. Generally, the 
10 reactions were performed using TentaGel supports with 1 M silver (I) 
nitrate in acetonitrile or 2 M lithium bromide in THF. 

The complementary compound having carbon-carbon unsaturation is 
preferably added to this reaction medium prior to initiation of the reaction 
so that upon formation, the azomethine ylide is in situ converted to 
15 pyrrolidinyl compound 8. 

The reaction conditions are otherwise not critical and, preferably, 
the reaction is conducted at from about 0°C to about 100°C for from about 
0.5 to about 24 hours. 

For some applications, one may desire a "support-free" or 
20 "soluble" library of molecules. Soluble molecules, both tagged and 

untagged, can be useful for a variety of purposes, including assaying the 
activity of a compound and structural analysis. The generation of soluble 
molecular libraries, both tagged and untagged, and the solubilization of 
compounds, both tagged and untagged, synthesized on a solid support can 
25 be accomplished by techniques known in the art, using for example, the 
cleavable linking arms described in U.S. Serial No. 978,940, filed 
November 19, 1992, incorporated herein by reference. 

Typically, TFA (the concentration (%) TFA often will vary 
according to the type of linker or linking arm employed) will be used to 
30 cleave the pyrrolidines from the resin. 
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The resulting pyrrolidinyl compound 8 is recovered by conventional 
methods, i.e., filtration, centrifugation, etc. Confirmation that the resin 
(i.e., solid support) contains the desired pyrrolidinyl compound can be 
accomplished by cleaving the pyrrolidinyl compound from a small portion 
5 of the treated resins (if a cleavable linking arm is employed) and subjecting 
this product to conventional analysis, e.g., nuclear magnetic resonance 
spectroscopy (*H, l3 C, etc.), high performance liquid chromatography, and 
the like. 

High-resolution gel phase l3 C nuclear magnetic resonance (NMR) 

10 spectroscopy can be used to monitor the progress of a reaction and/or to 
identify the product. Changes in hybridization and electron density can be 
easily monitored using this technique with little interference from solvent or 
other non-labeled sites. 

Resins and linkers which do not have absorbances in the regions of 

15 interest should be used. Suitable resins for this use include those illustrated 
, in Figures 2B-2D attached. Preferably, a polystyrene resin, such as 
TentaGel, or a polyethyleneglycol (PEG) linker, is used. Polystyrene 
resins tend to be l3 C-invisible and the linker often will exhibit a single 
sharp resonance at about 70 ppm. 

20 A 13 C label typically is incorporated into at least one of the 

components or building blocks. The label typically will be incorporated 
into the amine or carbonyl component because of the commercial 
availability of these compounds. However, one of skill in the art will 
readily appreciate that the other components could also be labeled. For 

25 example, the aldehyde can be 13 C labeled and then treated with a mixture of 
resin-bound (TentaGel™ resin with a PEG-linker) amino acids to yield the 
corresponding Schiff bases. When benzaldehyde which has been labeled at 
the carbonyl carbon (Ph l3 CHO) is used, the l3 C NMR exhibits a singlet 
resonance for each of the different imine carbon around 160-165 ppm. 

30 Upon cycloaddition, these resonances are replaced by resonances for the 
C-5 of the pyrrolidine ring at about 60-70 ppm. 
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Other means for forming azomethine ylides from suitable 
azomethine ylide precursors are well known in the art and include by way 
of example, ring opening of aziridines 1 . The particular azomethine ylide 
precursor and the method employed to convert this precursor to the 
5 azomethine ylide employed is not critical. For example, suitable 

azomethine ylide precursors can employ a silyl group as disclosed by 
Tsuge, et al. 1 which can be converted to the azomethine ylide without the 
need for a base. Such precursors are of particular value when basic 
conditions are to be avoided. 

10 Figure 1 further illustrates the formation of imine compound 3, 

which serves as an azomethine ylide precursor, by conventional methods 
from a suitable aldehyde I (ketones can also be used) and amine 2. The 
reaction is conducted in an inert solvent under conditions which eliminate 
water thereby forming imine 2. Preferred inert solvents include those that 

15 will form an azeotrope with water so that water generated during reaction 
can be readily removed. Such preferred solvents include by way of 
example, benzene, toluene, etc. Preferred reaction conditions include the 
use benzene or benzene/triethylamine under refluxing conditions; the use of 
benzene/Dean Stark trap or 4A molecular sieves under refluxing conditions; 

20 the use of methanol or methanol/ triethylamine; the use of tetrahydro- 
furan/Si(OC2H 5 ) 4 /l% H 2 S0 4 ; and the use of trimethyl orthoformate. 
Particularly preferred is the use of neat trimethyl orthoformate as the 
solvent/dehydrating agent. 

Figure 1 illustrates formation of imine 2 from amine 2 attached to a 

25 solid support which is reacted with soluble aldehyde 1. It is understood, 
however, that aldehyde 1 (or a ketone) can be covalently attached to the 
solid support and that amine 2 is in soluble form (i.e., not attached to the 
solid support). In both cases, the resulting imine is covalently bound to the 
solid support. 

30 It is further understood, however, that the complementary 

compound having at least one site of carbon-carbon unsaturation can be 
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covalently attached to the solid support which can then be reacted with a 
soluble azomethine ylide (not attached to the support) to provide for a 
pyrrolidinyl group covalently attached to the support. In such an 
embodiments, this reaction is conducted in the manner similar to that 

5 described above. 

In the particular embodiment illustrated in Figure 1, the amine 2 is 
an amino acid wherein the acid group is attached to the solid support via an 
ester bond. In the particular embodiment illustrated in Figure 8, the amine 
is incorporated into a heterocycle to provide for a means to form a fused 

10 heterocyclic ring. 

Amino acids form a preferred subclass of suitable amines because 
these amino acids will result in a carbonyl group /? to the resulting imine 
nitrogen. Suitable amino acids include all naturally occurring as well as 
synthetic amino acids including, by way of example, the D-amino acids of 

15 naturally occurring L-amino acids. The amino acid can be the N-terminal 
amino acid of a peptide bound to the solid support which, after formation 
of the pyrrolidinyl group can optionally be further reacted under 
conventional peptide synthetic conditions through an N-H group of the 
pyrrolidinyl group to extend the peptide length. 

20 Alternatively, the >NH group of the pyrrolidinyl compound can be 

acylated via conventional means to provide for acylated pyrrolidinyl 
compounds. A particularly preferred class of acylating reagents comprise 
the formula HSCH 2 CHR 3 C(0)- which, when reacted with the pyrrolidinyl 
compound form a class of Captopril™ derivatives which are then screened 

25 for anti-hypertensive activity as described in greater detail below. R 3 being 
a substituent having the same values as recited above for the substituents 
listed for the pyrrolidinyl group. Typically, the acylating reagent will 
comprise an acyl halide having the formula HSCH 2 CHR 3 C(0)X wherein X 
is bromine or chlorine. One of skill in the art will readily appreciate that 

30 other compounds having activated carboxyl groups can also be used as the 
acylating reagent. 
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In another embodiment, the aldehyde i (or ketone) can comprise 
ethylenic unsaturation so that the resulting imine can undergo internal 
cyclization via the ethylenic unsaturation on the aldehyde. Suitable 
examples of such aldehydes include those of formula I below: 



where R 4 is -(CH 2 ) B -CH=CH 2 (n = l or 2), -CH r CH=CH-C0 2 CH 3 , and 
-CH 2 C=CH. 

The methods of the present invention are readily automated using 
technology presently available for binding and reacting monomers to form 
polymer chains and removing the byproducts of those reactions. 
Moreover, the methods described herein are amenable to the simultaneous 
production of a variety of different pyrrolidines. 

An apparatus capable of preparing arrays of pyrrolidines is 
described in U.S. patent application Serial No. 08/149,675, filed November 
2, 1993, incorporated herein by reference. Such an instrument is capable 
of performing up to 100 or more parallel reactions simultaneously by 
distributing the reaction mixture or slurry of synthesis solid supports, under 
programmable control, to the various channels for pooling, mixing, and 
redistribution. 

Another apparatus capable of preparing arrays according to the 
methods described herein is described in association with the synthesis of 
peptides in Geysen gj al., J. Immun. Methods (1987) 102:259-274, 
incorporated herein by reference for all purposes. In brief, this method 
utilizes a solid support having a plurality of pins or other extensions. The 
pins are each inserted simultaneously into individual reagent containers in 
tray. Although in a common embodiment, an array of 96 pins/containers is 
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utilized, it will be recognized that in other embodiments a larger array of 
such pins/containers will be provided. Each tray is filled with a particular 
reagent for coupling in a particular chemical reaction on an individual pin. 
Accordingly, the trays will often contain different reagents. Since the 
5 chemistry disclosed herein has been established such that a relatively 

similar set of reaction conditions may be utilized to perform each of the 
reactions, it becomes possible to conduct multiple chemical coupling steps 
simultaneously. 

Other instruments amenable for use with the methods described 
10 herein are commercially available. For example, robotic systems, such as 
that available from Advanced Chemtech, and other non-pin based 
instruments can be utilized. 

Method for Producing Large gymhfric Libraries of Pyrrojidipyl 

15 Compounds 

The above described synthetic methods can be incorporated into one 
or more reaction procedures in the stochastic methods described in 
International Patent Application Publication No. 93/06121 to prepare 
synthetic libraries of pyrrolidinyl compounds on solid supports. This 

20 application is incorporated herein by reference in its entirety. In such 
libraries, each solid support will preferably contain a single compound 
which compound is different to the compounds found on the other solid 
supports but each compound will also comprise a pyrrolidinyl compound. 
The methods described above may be used to prepare and screen 

25 large numbers of compounds, in the hundreds, the thousands and even the 
ten thousands in a reasonable period of time. Synthesis may be combined 
with screening in various different ways to screen compounds in unusually 
large libraries. Preferably, the techniques described above are used to 
synthesize more than 2, preferably more than 5, preferably more than 10, 

30 more preferably more than 50, more preferably more than 100, and more 
preferably more than 1,000 different molecules simultaneously. 
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It is understood, however, that the term "single compound" as used 
herein includes different regio and stereo isomers of that compound. Also, 
the term "single compound" does not mean that only one copy of that 
compound is attached to each support. Rather, multiple copies of that 

5 compound can be included on the support. 

In general, such methods comprise apportioning the supports 
comprising a covalently bound azomethine ylide precursor or a 
complementary compound having at least one site of carbon-carbon 
unsaturation among a plurality of reaction vessels; exposing the supports in 

10 each reaction vessel under conditions wherein the azomethine ylide 

precursor or the complementary compound is converted to a pyrrolidinyl 
group wherein said pyrrolidinyl group is different for each of the reaction 
vessels; and optionally, pooling the supports. 

In one embodiment, the azomethine ylide precursor is converted to a 

15 pyrrolidinyl group by first converting the ylide precursor to an azomethine 
ylide followed by reaction of the azomethine ylide with a complementary 
compound having at least one site of carbon-carbon unsaturation. 

In another embodiment, the complementary group containing at least 
one site of carbon-carbon unsaturation is converted to a pyrrolidinyl group 

20 by reaction with an azomethine ylide. 

In a preferred aspect of this embodiment, each solid support is 
tagged with an identifier tag that can be easily decoded to report the 
compounds formed on the solid support. The tag can be directly attached 
either to the solid support or the tag can be included on the compound 

25 itself. In this latter embodiment, cleavage of the compound from the solid 
support will still permit identification of the compound. Each of these 
embodiments is disclosed in International Patent Application Publication 
No. WO 93/06121. Alternatively, a portion of the same compounds 
attached to a single support is cleaved and subjected to mass spectroscopy, 

30 nuclear magnetic resonance spectroscopy and/or other forms of direct 
structural analysis so as to identify the compound on the support. 
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Still another method for incorporating a tag with the solid support is 
disclosed in U.S. Patent Application Serial No. 08/146,886, filed 
November 2, 1994, and entitled "METHOD OF SYNTHESIZING 
DIVERSE COLLECTIONS OF COMPOUNDS" which application is 

5 incorporated herein by reference in its entirety. 

In still another embodiment, the pyrrolidinyl group can be 
incorporated into each compound in a library of different compounds all of 
which are covalently linked to the same solid support in the manner 
described in U.S. Patent No. 5,143,854. Such a library of different 

10 compounds can be simultaneously screened for receptor binding or some 
other activity. U.S. Patent No. 5,143,854 is incorporated herein by 
reference in its entirety. 

Additionally, libraries of compounds attached to solid supports can 
be used for a variety of additional uses as set forth in International Patent 

15 Application Publication No. WO 93/06121. 

Assays and Other Screening Methods 

Since a wide array of building blocks are readily available, the 
synthesis technique herein results in an array of immobilized materials 
20 which, e.g., are at known locations on the solid support or in a soluble 
format and may be effectively used in screening studies to identify 
compounds having biological or pharmaceutical activity. 

For example, a screening assay to determine which of the 
synthesized materials show significant affinity for a receptor or receptors of 
25 interest can be performed. Receptor affinity can be studied by exposing the 
solid support to the receptor or receptors of interest, and determining where 
the receptor has bound to the solid support. In some embodiments, the 
location of the receptor on the solid support may be conveniently located by 
labeling the receptor with an radioactive or fluorescent label, and scanning 
30 the surface of the solid support for the presence of the receptor. In some 
embodiments, the receptor of interest may be unlabeled, but later exposed 
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to a second receptor that is labeled and known to be complementary to the 
receptor of interest. The receptor will bind to the molecules that are 
complementary to the receptor while it will not bind to other molecules on 
the solid support Accordingly, the present method provides an effective 
5 way to identify ligands that are complementary to a receptor. 

In a particularly preferred embodiment, the solid support comprises 
beads and the receptor is fluorescently or radioactively labeled. Thereafter, 
one or more beads are identified that exhibit significant levels of, for 
example, fluorescence using one of a variety of techniques. For example, 

10 in a preferred embodiment, fluorescence activated cell sorting (FACS) is 
used to select for those beads having selected levels of fluorescence. In 
another embodiment, mechanical separation under a microscope is utilized. 
The identity of the molecule on the surface of such separated beads is then 
identified using, for example, NMR, mass spectrometry, or the like. 

15 In alternative embodiments the identity of the molecule that is 

complementary to the receptor is determined with respect to the "bin" or 
container in which the labeled receptor is located. For example, by 
exposing the molecules in the various containers to the labeled receptor, the 
identity of one terminal portion of the molecule may be identified. For 

20 example, if fluorescence is noted after exposure to the molecules in the first 
container, but not in the second or third containers, it is readily determined 
that the molecule that produces a complementary receptor is having the 
building block introduced in the first container as opposed to those 
molecules having the building blocks introduced in the second or third 

25 containers. Thereafter, one will synthesize all of the molecules having the 
'active" building block in separate containers. The identity of the other 
active portions of the molecule can then be determined by identifying where 
receptor binding is located among these molecules. 

One can also employ molecular libraries to useful effect in novel 

30 assays of the invention in which a ligand is solubilized in either tagged or 
untagged form prior to binding to a receptor of interest. For screening 
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very large libraries of soluble tagged libraries, one preferably employs 
affinity chromatography under conditions of weak affinity. 

Soluble molecules can also be screened using an immobilized 
receptor. After contacting the molecules with the immobilized receptor, 

5 and washing away non-specificaliy bound molecules, bound molecules are 
released from the receptor by any of a wide variety of methods. The tags, 
if present, are optionally amplified and then examined and decoded to 
identify the structure of the molecules that bind specifically to the receptor. 
A tagged molecule in solution can be assayed using a receptor immobilized 

10 by attachment to a bead, for example, by a competition assay with a 

fluorescently labeled ligand. The beads bearing immobilized receptors can 
be recovered and the sorted using FACS to identify positives (diminished 
fluorescence caused by the library molecule competing with the labeled 
ligand). 

15 The soluble molecules of the library can be synthesized on a solid 

support and then cleaved prior to assay. In one embodiment, microscopic 
beads of a molecular library are placed in very small individual 
compartments or wells that have been "nanofabricated" in a silicon or 
other suitable surface. Beads are loaded into the wells by dispersing them 

20 in a volume of loading buffer sufficient to produce an average of one bead 
per well. In another embodiment, the solution of beads is placed in a 
reservoir above the wells and the beads are allowed to settle into the wells. 
Cleavage of the molecules from the beads may be accomplished using 
chemical or thermal systems, but a photocleavable system is preferred. 

25 The molecules of interest can be cleaved from the beads to produce either 
untagged molecules in solution (the tag remaining attached to the bead) or 
tagged molecules in solution. In either event, the molecules of interest are 
cleaved from the beads but remain contained within the compartment along 
with the bead and the identifier tag(s). 

30 In another embodiment, relatively large tagged beads, from which 

the molecules of interest are cleaved in a series of reactions, are used. In 
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this method, the beads are 50 to 500 fim in diameter, with capacities 
equivalent to 100 to 500 pmol of molecule per bead. The library is 
divided into about 100 pools, each containing about 100,000 beads. A 
certain percentage, about 25%, of the molecule of interest is cleaved from 
5 the pool. 

The cleaved pool is then tested in a competition or functional assay. 
One identifies the pool with the highest activity and then retrieves the 
remainder of the original pool and aliquots the remainder into 100 pools of 
about 1000 beads per pool. The process is repeated until one has a single 

10 bead, from which one reads the tag and identifies the compound of interest. 

Techniques are also available which allow for the cleavage of a 
portion of the support-bound pyrrolidines while leaving the remainder of 
the support-bound molecules intact. In addition to the assay procedures 
described below, these techniques will find use in the structural analysis 

15 and identification of the pyrrolidines. Specifically, a library of pyrrolidines 
can be assayed using procedures known in the art and a first population of 
the library is selected as having desirable characteristics. This first 
population of these support-bound molecules can be subjected to cleavage 
conditions such that only a portion of the molecules are cleaved from the 

20 support. The cleaved material can be isolated and analyzed using 

conventional techniques, preferably mass spectro-scopy. As many, if not 
all, of the members of the library will have distinctive molecular weights or 
other physical characteristics, the identity of the desirable molecules can be 
ascertained from the analyses. Thus, in certain circum-stances, it will not 

25 be necessary to "tag" the molecules. The pyrrolidines, by virtue of their 
molecular weight characteristics, can serve as "self-tags". 

The Identification of ACE Inhibitors 

Functionalized prolines and proline anlogs are frequently found as 
30 the C-terminal residue in numerous ACE inhibitors. Using the methods 
described herein, a library of prolines and proline analogs has been 
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prepared. The library was formed by the split synthesis method , using 
four amino acids, four aldehydes, five olefins, and three mercaptoacyl 
chlorides as shown in Figure 3 below. The 240 possible building block 
combinations were expected to yield more than 480 distinct products since 

5 the cycloaddition chemistry does not proceed with complete regio- and 
stereospecificity, and pyrrolidines derived from reaction of achiral 
aldehydes and olefins with homochiral amino acids are racemic as the a- 
carbon stereochemistry may be scrambled in the metallo-dipole 
intermediate. After cleavage from the resin (10% TFA in 

10 dichloromethane) and deacetylation of the protected mercaptoacyl proline 
products with ethylenediamine, the library was screened for in vitro 
inhibition of ACE 33 as soluble compound pools through four iterations of 
assay and sub-library resynthesis. At each step of this deconvolution 
analysis, the building block affording the most inhibitory pool was selected 

15 for the subsequent sub-library resynthesis. The results are summarized in 
Figure 4. 

This strategy led to the identification of l-(3 t -thio-2*(S)-methyl-r- 
oxopropyl)-5-phenyl-2,4-pyrrolidinedicarboxylic acid 4-methyl ester as a 
potent ACE inhibitor. An HPLC analysis of an independent preparative 

20 solid-phase synthesis of the S-acetylated precursor (see Figure 5) indicated 
that the crude product predominantly consisted of an equimolar mixture of 
2 components, characterized as diastereomers derived from a racemic 
proline intermediate. These isomers were purified and the relative 
stereochemical relationships between the 2, 4, and 5-pyrrolidine 

25 substituents (all syn), established by correlation with literature *H NMR 
data, confirming that the proline ring arose through an endo-cycloaddition 
reaction. 

Biological assay of the individual diastereomers after deacetylation 
facilitated assignment of the absolute configurations at C-2 of the prolines 
30 in these compounds. The earlier eluting isomer displayed very weak ACE- 
inhibitory activity (Kj > 1/aM), and on the basis of extensive structure- 
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activity date is consistent with a 2-R configuration. By contrast, the later 
eluting isomer provided an exceedingly potent ACE inhibitor (Kj ~ 160 
pm), approximately 3-fold more active than captopril in this assay 37 and 
among the highest affinity thiol-containing ACE inhibitors yet described. 
5 These ACE inhibitors are useful in treating hypertension and other 

related disorders and can be combined with suitable adjuvants and the like 
and formulated into pharmaceutical preparations using techniques known in 
the art. See, U.S. Patent No. 5,164,407, which is incorporated herein by 
reference. 

10 

EXAMPLES 

The following examples are set forth to illustrate the claimed 
invention and are not to be construed as a limitation thereof. 

Unless otherwise stated, all temperatures are in degrees 
15 Celsius (°C). Also, in these examples, unless otherwise defined below, the 
abbreviations employed have their generally accepted meaning: 



app d 




apparent doublet 


app q 




apparent quartet 


app t 




apparent triplet 


Ar 




phenyl 


br s 




broad singlet 


d 




doublet 


dd 




doublet of doublets 


DMSOd 6 




deutrated dimethyl sulfoxide 


FMOC 




fluorenylmethyl oxycarbonyl 


'H-nmr 




proton nuclear magnetic resonance 


HPLC 




high performance liquid chromatography 


m 




multiplet 


MHz 




megaHertz 


mL 




milliliter 


mmol 




millimol 


s 




singlet 


TFA 




trifluoroacetic acid 



35 

Additionally the Sasrin resin described herein is commercially 
available from Bachem Biosciences and the TentaGel Ac resin, TentaGel 
PHB resin and TentaGel RAM resin are commercially available from Rapp 
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Polymere, Tubigen, Germany. Each of these resins is depicted in Figures 
2A-2D respectively. 

Solid phase reactions were carried out at room temperature. 
Reagents were bought from Aldrich, Sigma, ICN, and Rapp Polymere and 

5 used without further purification. Concentration of solutions after workup 
was performed by reduced pressure rotary evaporation. 

NMR spectra were obtained on a Varian Gemini 300 instrument 
with CDC1 3 as the solvent unless noted. *H NMR spectral data are 
reported as follows: chemical shifts relative to tetramethylsilane (0.00 

10 ppm), multiplicity, coupling, and integration. Assignment of protons was 
aided by decoupling experiments. 13 C signals are reported in ppm relative 
to CDCI3 (77.0 ppm). Infrared spectra were obtained on a Nicolet 120X 
instrument employing 3M disposable teflon cards. Data are reported as % 
transmittance. ' 

15 High performance liquid chromatography was performed on a 

Beckman Gold Analytic 126 apparatus with a diode array detector model 
168 at the wavelengths 220 nm and 280 nm. The column employed was an 
Econosphere C8 cartridge 250 mm x 4.6 mm. Semi-preparative 
chromatography was performed on a Beckman HOB apparatus with a 

20 model 166 detector at the wavelength 220 nm. The column employed was 
a Waters RCM (25 x 10 cm). 

Experimental 

The following experimental outlines the general procedures 
25 employed in the examples below to prepare the pyrrolidine compounds 
depicted therein. 

General solid phase condition for imine formation 

Resin bound glycine FMOC (0.25 millimole (mmol) loading) is 
30 added to 10 milliliters (mL) of 20% piperidine in dimethyl formamide for 
one hour. The resin is filtered through a fritted funnel and washed with 
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dimethyl formamide (3x10 mL) and methylene chloride (3x20 mL). To a 
10 mL round bottom flask is added aldehyde (2.5 mmol) and the resin 
(0.25 mmol loading) in 8 mL of benzene. The solution is fitted with a 
Dean Stark trap and filled with benzene and subsequently refluxed mildly 
5 for one hour to two hours. The solution is filtered through a fritted glass 
filter and the residue is washed with benzene (3x10 mL) and methylene 
chloride (3x10 mL). 

Qgngflq solid phase condition for f2+3] cyclojiddition with Silverfl) 
10 To a 10 mL screw capped vial is added resin (0.125 mmol loading), 

olefin (1.5 mmol), and silver(I) nitrate (1.5 mmol) in approximately 5 mL 
of acetonitrile. To the solution is added triethyl amine (1.5 mmol) by 
syringe dropwise in a hood with the light off. The vial is very mildly 
agitated by a shaker table and the heterogeneous solution is observed to 
15 change colors from clear to black in two to four hours and a silver mirror 
is seen to be present after 8 to 12 hours. After 24 hours the resin solution 
is filtered through a fritted glass filter and washed with methylene chloride 
(5x10 mL). The resin is then added to a vial with 4 mL of trifluoroacetic 
acid in methylene chloride (% TFA varies according to the type of linker 
20 employed) for 30 minutes and subsequently filtered and washed with 

methylene chloride (3x5 mL). This procedure is repeated three times and 
the filtrates collected and rotary evaporated to dryness. The residue oil is 
analyzed by *H NMR and HPLC. 

25 General solid phase condition for T2+31 cvcloaddition with LithiumfD 

To a 10 mL screw capped vial is added resin (0.125 mmol loading), 
olefin (1.5 mmol), and lithium(I) bromide (1.5 mmol) in approximately 5 
mL of acetonitrile. To the solution is added triethyl amine (1.5 mmol) by 
syringe dropwise in a hood with the light off. The vial is agitated very 

30 mildly by a shaker table and the heterogeneous solution is observed to 

change colors from clear to cloudy in two to four hours. After 48 hours 



WO 95/35278 



PCT/US95/07878 



- 36 - 



the resin solution is filtered through a fritted glass filter and washed with 
methylene chloride (5x10 mL). The resin is then added to a vial with 4 
mL of trifluoroacetic acid in methylene chloride (% TFA varies according 
to the type of linker employed) for 30 minutes and subsequently filtered 
5 and washed with methylene chloride (3x5 mL). This procedure is repeated 
three times and the filtrates collected and rotary evaporated to dryness. 
The residue oil is analyzed by H 1 NMR and HPLC. 



The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was acrylonitrile. The support employed in this synthesis was Sasrin resin 
containing the cleavable linker depicted in Figure 2A which, upon 

20 treatment with 25% trifluoroacetic acid (in methylene chloride), gave the 
soluble proline derivative. l H-nmr data for this compound is as follows: 
(D 2 0, 300 MHz) d 7.70- 7.41 (m, 5H, Arfl), 5.24 (d, 1H, ArCH), 5.15 
(d, 1H, ArCH, epimer product at the cyano carbon), 4.72-4.63 (m, 1H, 
CHC0 2 H), 4.27-4.14 (m, 1H, CHCN), 4.01-3.55 (m, 2H, CHCN, 

25 CHC0 2 H epimer product at the cyano carbon), 3.11-2.84 (m, 2H, 



CHjCHCCXH including the epimer product), 2.16-2.10 (br s, 1H, NH). 
Yield 71.4% 



10 



Example 1 

By following the procedures set forth above, 4-cyano-5-phenyl-L- 
proline was prepared as shown below: 



15 




30 
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Example 2 

By following the procedures set forth above, 4-cyano-5-phenyl-L- 
proline was prepared as shown below: 



The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was acrylonitrile. The support employed in this synthesis was TentaGel Ac 
resin containing the cleavabie linker depicted in Figure 2B which, upon 
treatment with 25 % trifluoroacetic acid in methylene chloride, gave the 
soluble proline derivative. l H-nmr data for this compound is as follows: 
*H NMR (DMSO-d 6 300 MHz) d 7.65-7.22 (m, 5H, ArH), 4.94 (app d 
1H, ArCH, epimer product at the cyano carbon), 4.92(app d, 1H, ArCH), 
4.65 (app t, 1H, CKC0 2 H, epimer product at the cyano carbon), 4.50 (app 
t, 1H, CHC0 2 H), 4.10(app q, 1H, CHCN), 3.81 (app q, 2H, CHCN, 
epimer product at the cyano carbon), 3.50 (br s due to glycine), 3.08-2.60 
(m, 2H, CH 2 CHC0 2 H including the epimer product). Yield 40.0% (Ag), 
20.7%(Li) 

Example 3 

By following the procedures set forth above, 4-cyano-5-phenyl-L- 
proline was prepared as shown below: 





H 



30 The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was acrylonitrile. The support employed in this synthesis was TentaGel 
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PHB resin containing the cleavable linker depicted in Figure 2C which, 
upon treatment with 95% trifluoroacetic acid in methylene chloride, gave 
the soluble proline derivative. l H-nmr data for this compound is as 
follows: 'H-nmr (DMSO-d 6 300 MHz) d 7.65-7.38 (m, 5H, ArH), 4.89 

5 (app d, 1H, ArCH), 4.87 (app d, 1H, ArCH, epimer product at the cyano 
carbon), 4.65(app t, 1H, CHC0 2 H, epimer product at the cyano carbon), 
4.48 (app t, 1H, CHC0 2 H), 4.15-4.08 (m, 1H, CHCN), 3.81 (m, 2H, 
CHCN, epimer product at the cyano carbon), 3.50 (s due to glycine), 3.01- 
2.67 (m, 2H, CH 2 CHC0 2 H including the epimer product), 2.16-2.10 (br s, 

10 1H, NH). Yield 12.6% (Ag), 8.0% (Li). 

Example 4 

By following the procedures set forth above, 2-amido-4-cyano-5- 
phenyi-L-pyrrolidine was prepared as shown below: 

15 




H 



20 The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was acrylonitrile. The support employed in this synthesis was TentaGel 
RAM resin containing the cleavable linker depicted in Figure 2D which, 
upon treatment with 95% trifluoroacetic acid in methylene chloride, gave 
the soluble amide derivative. ! H-nmr data for this compound is as follows: 

25 (DMSO-d 6 300 MHz) d 8.15 (br s, 2H, CONH^, 7.98-7.45 (m, 5H,ArH), 
5.02 (dd, 1H, CHCOlSfflU), 4.80 (d 1H, ArCH), 4.49(m, 1H, CHCN), 
3.50 (s due to glycine), 2.85-2.40 (m, 2H, CHjCHCONH^. Yield 11.1% 
(Li) 



30 
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Example 5 

By following the procedures set forth above, 4-carboxymethyl-4- 
methyl-5-phenyl-L-proline was prepared as shown below: 

COOCH 3 



The aldehyde employed in this synthesis was benzaldehyde and the olefin 
10 was methyl methacrylate. The support employed in this synthesis was 

TentaGel AC resin which, upon treatment with 25% trifluoroacetic acid in 
methylene chloride, gave the soluble proline derivative. ! H-nmr data for 
this compounds is as follows: (DMSO-do 300 MHz) d 7.47-7.20 (m, 5H, 
ArH), 4.79 (dd, 1H, CHC0 2 H), 4.73 (d 1H, ArCH), 3.65 (s due to 
15 glycine), 3.49 (s, 3H, COXiy, 3.24-3.16 (m, 1H, NH), 2.86 (dd, 1H, 
CH 2 CHC0 2 H), 2.60 (dd, 1H, CH 2 CHC0 2 H), 1.43 (s,3H,CH 3 ). The 
regiochemistry of this compound is unclear. Yield 46.4% (Ag), 30.4% 
(Li) 

20 Example 6 

By following the procedures set forth above, 4-carboxymethyl-4- 
methyl-5-phenyl-L-proline was prepared as shown below: 

COOCH3 
CH 3 '4— \ 

25 «^ N ^COOH 

I 

H 

The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was methyl methacrylate. The support employed in this synthesis was 
30 TentaGel PBH resin which, upon treatment with 95% trifluoroacetic acid in 
methylene chloride, gave the soluble proline derivative. l H-nmr data for 



this compounds is as follows: (DMSO-d* 300 MHz) d 7.47-7.20 (m, 5H, 
ArH), 4.79 (dd, 1H, CHC0 2 H), 4.73 (d 1H, ArCH), 3.65 (s due to 
glycine), 3.49 (s, 3H, CC^CHy, 3.24-3.16 (m, 1H, NH), 2.86 (dd, 1H, 
CH 2 CHC0 2 H), 2.60 (dd, H,CH 2 CHC0 2 H), 1.43 (s, 3H, CH 3 ). The 
regiochemistry of this product is unclear. Yield 17.1% (Ag), 38.6% (Li). 



By following the procedures set forth above, 2-amido-4- 
carboxymethyl-4-methyl-5-phenyl-L-pyirolidine was prepared as shown 



The aldehyde employed in this synthesis was benzaldehyde and the olefin 
was methyl methacrylate. The support employed in this synthesis was 
TentaGel RAM resin which, upon treatment with 95% trifluoroacetic acid 
in methylene chloride, gave the soluble amide derivative. *H-nmr data for 
this compounds is as follows: (DMSO-d^ 300 MHz) d 7.48-7.20 (m, 5H, 
ArH), 6.50 (br s, 2H, CONHj), 5.10 (dd, 1H, CHCONHj), 4.70 (s 
lH,ArCH), 3.65 (s due to glycine), 3.49 (s, 3H, CC^CHj), 3.24-3.16 (m, 
1H, NH), 2.86 (dd, 1H, CHiCHCONHj), 2.62 (dd, 1H, CHiCHCONH^, 
1.50 (s, 3H, CH3). The regiochemistry of this product is unclear. Yield 
32.3% (Ag), less than 4.8% (Li) 

By following the procedures set forth above, other amino acids can 
be employed in place of glycine on the solid supports or peptides of up to 
about 20 amino acids could be employed merely by substitution of such 
materials for the glycine/solid support materials described in these 
examples. Moreover, after completion of the synthesis of the pyrrolidine 
compound, the amino -NH group of this compound can be acylated using 



Example 7 



below: 




COOCH3 



H 



WO 95/35278 



PCT/US95/07878 



- 41 „ 

conventional chemistry, including acylation resulting in the incorporation of 
one or more amino acids thereto. 

Likewise, other aldehydes or ketones could be employed in place of 
the benzaldehyde to provide different substitution at the 5 position of the 
5 resulting pyrrolidine compounds. 

Alternative Procedure for Pyrrolidine Formation on Resin 

TentaGel™ AC pre-loaded with an Fmoc-protected amino acid 
(0.50 g/loading 0.20-0.26 mmol) was added to a 20% solution of piperidine 

10 in dimethylformamide (3 mL) and gently vortexed every 5 minutes for 20 
minutes to remove the Fmoc protecting gipup. The resin was filtered using 
a fine buchner funnel, washed with dimethylformamide (1x3 mL) and 
dichloromethane (2x3 mL). The resin was added to a 1.0 M solution of 
aromatic aldehyde in trimethyl orthoformate (4 mL), vortexed gently and 

15 left for 4 hours. The resin was again filtered using a fine buchner funnel 
and washed with dichloromethane (2x3 mL). The resin was then added to 
a solution of silver(I) nitrate and the appropriate olefin, each at 1.0 M. To 
the solution was added a one molar equivalence of triethylamine and the 
resulting solution gently vortexed and left for 4-8 hours. The solution 

20 turned black after 5-10 minutes with plating of silver upon the walls of the 
vessel occurring after 2 hours. The resin was filtered using a fine buchner 
funnel, washed with saturated ammonium chloride (2x3 mL), methanol 
(2x3 mL) and dichloromethane (2x3 mL). The product was cleaved from 
the resin by treatment with a 10% solution of trifluoroacetic acid in 

25 dichloromethane (2 mL) for 30 minutes. The solution was filtered and 
evaporated to dryness leaving 19-27 mg of product. 



30 



Example 8 

By following the procedures set forth above, 4-cyano-5-phenyl-2- 
pyrrolidinecarboxylic acid was prepared as shown below: 
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PI 




C0 2 H 



10 



15 



20 



25 



Rotary evaporation afforded 17 mg (71.4%) of a clear colorless oil. Flash 
chromatography (4" Si0 2 , 4: 1 petroleum ether/ ether) yielded a major 
product: l H NMR (300 MHz, DMSO-dg) d: 7.70-7.41 (m, 5H, Ph), 5.24 
(d, J = 7.1 Hz, 1H, H 5 ), 5.18 (d, J = 8.6 Hz, 1H, H 5 , a minor epimeric 
product), 4.73-4.61 (m, 1H, H^, 4.26-4.18 (m, 1H, H 4 ), 4.03-2.8 (m, 
3H, H 4 (epimer) and H 3 ). 

Example 9 

By following the procedures set forth above, 5-phenyl-2,3,4- 
pyrrolidinetricarboxylic acid-3,4-dimethyl ester was prepared as shown 
below: 



Rotary evaporation afforded 19 mg (61.9%) of a clear colorless oil. Flash 
chromatography (4" Si0 2 , 4:1 petroleum ether/ ether) yielded a major 



product: l H NMR (300 MHz, CDC1 3 ) d: 7.70-7.25 (m, 5H, Ph), 5.16 (d, 
J = 7.4 Hz, 1H, H 5 ), 4.82 (d, / = 7.8 Hz, 1H, H2), 4.00-3.71 (m, 2H, 
1H, H 3 and H 4 ), 3.69 (s, 3H, 3-C0 2 Me), 3.23 (s, 3H, 4-C0 2 Me), 2.82 (s, 
1H, H,). 
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Example 10 

By following the procedures set forth above, 4-methyl-5-phenyl-2,4- 
pyrrolidinedicarboxylic acid-4-methyl ester was prepared as shown below: 



Rotary evaporation afforded 25.5 mg (81.1%) of a clear colorless oil. 
Flash chromatography (4 M SiC>2, 4:1 petroleum ether/ ether) yielded a 
major product: *H NMR (300 MHz, DMSO-</ 6 ) d: 7.47-7.20 (m, 5H, 
Ph), 4.79 (m, 1H, H 2 ), 4.73 (s, 1H, H 5 ), 3.49 (s, 3H, C0 2 Me), 3.20 (br 
s, 1H, Hi), 2.86-2.60 (m, 2H, H 3 ), 1.43 (s, 3H, 4-Me). 

By following the procedures set forth above, other amino acids can 
be employed in place of glycine on the solid supports or peptides of up to 
about 20 amino acids could be employed merely by substitution of such 
materials for the glycine/solid support materials described in these 
examples. Moreover, after completion of the synthesis of the pyrrolidine 
compound, the amino -NH group of this compound can be acylated using 
conventional chemistry, including acyiation resulting in the incorporation of 
one or more amino acids thereto. 

Likewise, other aldehydes or ketones could be employed in place of 
the benzaldehyde to provide different substitution at the 5 position of the 
resulting pyrrolidine compounds. Examples of other proline derivatives 
prepared by such substitution using procedures similar to the examples set 
forth above include 2-isobutyl-5-phenyl-2,4-pyrrolidinedicarboxylicacid-4- 
rm-butyl ester, 2-methyl-5-(2 '-methylphenyl)-2 ,4-pyrrolidine-dicarboxylic 
acid-4-methyl ester, and 2-benzyl-5-(2'-methoxyphenyI)-2,4-pynx>lidine- 
dicarboxylic acid-4-methyl ester. 




30 
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Example 11 
Mercaptoacetvl Pyrrolidine Library Synthesis 

TentaGel AC resins loaded with Fmoc-protected glycine (0.24 g, 
0.0625 mmol)), alanine (0.28g, 0.0625 mmol), leucine (0.26g, 0.0625 
5 mmol), and phenylalanine (0.25g, 0.0625 mmol) resins were pooled and 
added to a 20% solution of piperidine in dimethylformamide (3 mL), and 
gently vortexed every 5 minutes for 20 minutes to remove the Fmoc 
protecting group. See Figure 3. The resin was filtered using a fine 
buchner funnel, washed with dimethylformamide (1x3 mL) and 

10 dichloromethane (2x3 mL). The resin was separated into four equal (by 
weight) amounts and placed into separate vials. 

To each vial of resin was added a 1.0 M solution of a separate 
aromatic aldehyde (benzaldehyde- 13 CHO, 2-methoxybenzaldehyde, 2- 
methylbenz-aldehyde, and 2-/erf-butyldimethylsilyoxybenazaldehyde) in 

15 trimethyi orthoformate. Each solution was vortexed gently and left for 4 

hours. The resins were filtered using a fine buchner funnel, added together 
and vortexed in dichloromethane, refiltered and washed with 
dichloromethane (2x3 mL). The resin was treated with acetic anhydride (3 
mL) and N ! Pr 2 Et (1 mL) for 15 minutes to acylate any unreacted amino 

20 acid, then filtered using a fine buchner funnel, vortexed in 

dichloromethane, refiltered and washed with dichloromethane (2x3 mL). 
The resin was separated into five equal (by weight) amounts and placed 
into separate vials. 

To each vial of resin was added a 1.0 M solution of silver(I) nitrate 

25 in acetonitrile followed by the addition of a separate olefin (acrylonitrile, 
methyl acrylate, re/T-butylacrylate, methyl methacrylate, and methyl vinyl 
ketone) at the concentration of 1.0 M. To these solutions was added a one 
molar equivalence of triethylamine and the resulting solutions were gently 
vortexed and left for 4-8 hours. The solutions turned black after 5-10 

30 minutes with plating of silver upon the walls of the vessel occurring after 
1-2 hours. The resins were filtered using a fine buchner funnel, mixed 
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together, and washed with saturated ammonium chloride (2x3 mL), 
methanol (2x3 mL) and dichloromethane (2x3 mL). The resin was 
separated into three equal (by weight) amounts and placed into separate 
vials, 

5 To each vial of resin was added al.OM solution of triethylamine in 

tetrahydrofiiran for 15 minutes. A one molar equivalence of a separate 
acetyl-protected mercaptoacyl chloride (2-acetyl mercaptoacetic, 3-acetyl 
mercaptopropionic, and 2(S)-3-acetyl mercaptoisobutyric) was added 
dropwise to each vial and the solution vortexed gently for 15 minutes. 

10 Each reaction was quenched with the addition of methanol (2 mL). Each 
resin was filtered using a fine buchner funnel, washed with methanol (2 X 
3 mL) and dichloromethane (2x3 mL). The acylation reaction was 
repeated to ensure complete coupling. The resins were kept separate and 
30 mg of each resin added to a 10% solution of trifluoroacetic acid in 

15 dichloromethane (2 mL) for 30 minutes. The solutions were filtered and 
evaporated to dryness leaving 1-2 mg of each product pool. 

To each product was added 200 ^L of 1.0 M ethylenediamine in 
methanol under nitrogen. After 20 minutes each pool was transferred to a 
1.5 mL eppendorf tube containing 200 fiL of 50 mM HEPES pH 8.3 

20 buffer. The reaction vessels were washed with 100 mL of methanol and 
transferred. To each solution was added 2.0 M HC1 until a pH of 5 was 
attained, followed by dilution with HEPES buffer to a total volume of 1.00 
mL. The ACE inhibitory activity of each pool was immediately 
determined. 

25 Following the procedures set forth above and substituting the 

building blocks shown in Figure 6 for those given above, the corresponding 
mercaptoacyl proline library was prepared. 
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Example 12 

Isolation and Characterization of Diastereomeric ACE-Inhibitorv 
Acetvlthio-isobutyryl Pyrrolidines (10 and 11) from Solid-Phase Synthesis 

5 The mercaptoacyl pyrrolidine synthesis procedure was repeated 

13 

using glycine, benzaldehyde- CHO, methyl acrylate and 2(S)-3-acetyl 
mercaptoisobutyryl chloride as the component building blocks as described 
above. After cleavage from the resin, the crude reaction mixture was 
analyzed by HPLC and two major product fractions were isolated. These 
10 were characterized as diastereomers arising from acylation of a racemic 
pyrrolidine intermediate (vide infra): 

l-CS'-Acetylthio^^SJ-methyl-l'-oxopropyO-SW-phenyl^^^CR)- 
pyrrolidinedicarboxylic acid-4-methyl ester (10) (Earlier eluting isomer): 
*H NMR (300 MHz, CDC1 3 ) d: 7.35-7.25 (m, 5H, Ph), 5.25 (dd, J H . H = 

15 8.4 Hz, / c .„= 145.6 Hz, 1H, H 5 ), 4.75 (dd, / = 7.5 & 10.9 Hz, 1H, 
H2), 3.48 (m, 1H, H 4 ), 3.39 (s, 3H, C0 2 Me), 2.98-2.79 (m, 3H, H 3 . & 
H 3a ), 2.72-2.62 (m, 1H, H 2> ), 2.48-2.36 (m, 1H, H 3b ), 1.89 (s, 3H, SAc), 
1.27 (d, J = 6.9 Hz, 3H, 2'-Me); 13 C NMR (75 MHz, CDC1 3 ) d: 
64.068 ( 13 C enriched carbon); IR (cm -1 ) 3355.1, 1733.8, 1700.1, 

20 1635.3, 1558.9, 1212.1. 

l-(3'-Acetylthio-2'(S)-methyl-l'-oxopropyl)-5(S)-phenyl-2(S),4(S)- 
pyrrolidinedicarboxylic acid-4-methyl ester (11) 
(Later eluting isomer): 

25 *H NMR (300 MHz, CDCl 3 ) d: 7.40-7.28 (m, 5H, Ph), 5.48 (dd, 

J h-h= 8.7 Hz, / C . H = 146.7 Hz, 1H, H 5 ), 4.61 (dd, J = 7.4 & 11.3 Hz, 
1H, Hj), 3.57 (m, 1H, H^, 3.41 (s, 3H, C0 2 Me), 3.05 (dd, J - 7.6 & 
13.6 Hz, 1H, H 3 .a), 2.89 (dd, J = 6.7 & 13.6 Hz, 1H, K y} ), 2.87-2.60 
(m, 2H, H 3a & H r ), 2.50-2.40 (m, 1H, H 3b ), 2.39 (s, 3H, SAc), 0.81 (d, 

30 J = 6.7 Hz, 3H, 2'-Me); 13 C NMR (75 MHz, CDC1 3 ) d: 63.904 ( 13 C 
enriched carbon); IR (cm" 1 ) 3339.1, 1733.5, 1700.2, 1653.3, 1559.9, 
1230.4. 
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Example 13 

Correlation of Diastereomeric ACE-Inhibitory Acetvlthio-isobutvryl 
Pyrrolidines (10 and in with Literature Standards 

5 The all-syn relative stereochemistry reported for products QQ) and 

(11) above was established by acylation of racemic syn-5-phenyl-2,4- 
pyrrolidine-dicarboxylic acid-2,4-dimethyl ester, prepared according to 
literature methods, 32 with 2(S)-3-acetyl mercaptoisobutyryl chloride. To a 
stirred solution of syn-5-phenyl-2,4-pyrrolidinedicarboxylic acid-2,4- 

10 dimethyl ester (0.21g, 0.80 mmol) in tetrahydrofuran was added 

triethylamine (0.122 mL, 0.88 mmol). After 15 minutes 2(S)-3-acetyl 
mercaptoisobutyryl chloride was added dropwise and the reaction mixture 
stirred for one hour. The reaction was quenched with methanol (2 mL). 
The addition of 5 mL of diethyl ether was followed by extraction with pH 

15 7 buffer (2x5 mL). The organic layer was dried over anhydrous 

magnesium sulfate and concentrated by rotary evaporation to afford 0.326 g 
(98.5%) of a yellow oil. Semi-preparative HPLC afforded two 
diastereomeric products. 

20 Earlier eluting isomer: 

*H NMR (300 MHz, CDC1 3 ) d: 7.64-7.27 (m, 5H, Ph), 5.18 (dd, J H . H = 
8.7 Hz, J C . H = 145.7 Hz, 1H, H 5 ), 4.42 (dd, J = 6.9 & 11.4 Hz, 1H, 
Hj), 3.87 (s, 3H, 2-C0 2 Me), 3.60-3.48 (m, 1H, H4), 3.39 (s, 3H, 4- 
C0 2 Me), 2.85 (dd, J = 5.4 & 13.3 Hz, 1H, H ya ), 2.78 (dd, J = 8.6 & 

25 13.3 Hz, 1H, H 3 * b ), 2.62-2.48 (m, 2H, H r & H 3a ), 2.43-2.31 (m, 1H, 

H 3b ), 1.98 (s, 3H, SAc), 1.20 (d, J = 6.9 Hz, 3H, 2'-Me); 13 C NMR (75 
MHz, CDC1 3 ) d: 63.804 ( 13 C enriched carbon); IR (cm' 1 ) 1739.3, 
1717.3, 1652.7, 1418.9, 1135.4; 

Treatment of the mono-ester Q0) with ethereal diazomethane in the 

30 presence of a trace amount of acetic acid afforded a product with identical 
spectroscopic parameters and HPLC retention time. 
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Later eluting isomer: 

*H NMR (300 MHz, CDC1 3 ) d: 7.59-7.28 (m, 5H, Ph), 5.43 (dd, 
J h-h= 8.7 Hz, J c_ H = 147.1 Hz, 1H, H 5 ), 4.50 (dd, J = 6.9 & 11.4 Hz, 
1H, H2), 3.84 (s, 3H, 2-C0 2 Me), 3.68-3.56 (m, 1H, H 4 ), 3.39 (s, 3H, 4- 

5 C0 2 Me), 3.03 (dd, J = 7.4 & 13.6 Hz, 1H, H 3>a ), 2.78 (dd, J - 7.0 & 
13.6 Hz, 1H, %!,), 2.68-2.49 (m, 2H, H 2 > & H 3a ), 2.46-2.35 (m, 1H, 
H 3b ), 2.38 (s, 3H, SAc), 0.76 (d, J = 6.7 Hz, 3H, 2'-Me); 13 C NMR (75 
MHz, CDC1 3 ) d: 63.193 ( 13 C enriched carbon); IR (cm" 1 ) 1744.2, 
1738.4, 1685.4, 1602.7, 1434.8, 1177.1; 

10 Treatment of the mono-ester (H) with ethereal diazomethane in the 

presence of a trace amount of acetic acid afforded a product with identical 
spectroscopic parameters and HPLC retention time. 

Example 14 

15 Determination of Enzvme Inhibition for Inhibitor Libraries 

Enzyme assays were carried out using a fluorometric assay 

developed previously. 33 Rabbit kidney ACE (Sigma) (0.01 mL, final 

concentration 2 nM) in 50 mM HEPES, 0.3 M NaCl, pH 8.3 was 
combined with buffer (0.070 mL), inhibitor library or buffer (0.01 mL), 

20 and the substrate solution of Hippuryl-His-Leu, sodium salt (0.01 mL, 10 
mM) to give a final substrate concentration of 1 mM. The concentrations 
of inhibitor libraries were judged on the basis of thiol content as 
determined using the Ellman assay. Inhibitors were preincubated with 
the enzyme for 1 hour at room temperature to attain equilibrium prior to 

25 the addition of substrate. Reactions were incubated at 37°C for 4 minutes 
and quenched by the addition of 0.28 N NaOH (1.4 mL). The product, 
IDs-Leu, was then derivatized to a fluorophore by the addition of 2% 
o-phthalaldehyde (0.1 mL) in MeOH, followed by incubation at 25°C for 8 
minutes, addition of 2 N HC1 (0.2 mL), and then measuring fluorescence 

30 after 15 minutes incubation at 25°C. 



The fluorescence intensity (arbitrary units) was determined using an 
SUM Aminco model 8000 spectrofluorometer equipped with a temperature 
regulated cell using an excitation wavelength at 360 nm and with an 
emission wavelength at 490 nm. The amount of His-Leu formed with time 
was determined from standard curves of fluorescence versus concentration 
of His-Leu (Sigma). The values of inhibitor concentration producing 50% 
inhibition (IC 50 ) were obtained by non-linear least squares regression fits of 
lines produced by evaluating the % inhibition with varying concentration of 
inhibitor. 

. Example 15 
Determination of Inhibition Constants 

The kinetics of homogeneous inhibitors and captopril were examined 
to better define their inhibitory potency. The dissociation constant of the 
enzyme-inhibitor complex (Kj) was determined using the same fluorometric 
assay and buffer conditions described above, with the exceptions of using 
50 pM final enzyme concentration, a 20 minute preincubation time, and 
assay times of either 10 or 20 minutes. Using these conditions it was 
found that both l-(3 / -thio-2 / (S)-methyl-l f -oxypropyl)-5-phenyl-2,4- 
pyrrolidine-dicarboxylic acid 4-methyl ester (2) and captopril exhibit 
competitive type inhibition, and that (2) is approximately 3-fold more active 
than captopril with Kj's of 160 +/- 50 pM and 475 +/- 100 pM, 
respectively. Inhibition constants were determined from double reciprocal 
plots of rate of product formation versus substrate concentration in the 
absence and presence of inhibitor. Accordingly, l-(3'-thio-2'(S)-methyl-l'- 
oxypropyl)-5-phenyl-2,4-pyrrolidine-dicarboxylic acid 4-methyl ester as 
well as pharmaceutical salts thereof can be used to control hypertension in 
a manner similar to Captopril with proportionally lower dosages than 
Captopril. 

In view of the examples above, this invention provides for a 
synthetic compound library comprising a plurality of different compounds 
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each compound covalently linked to a solid support wherein each of said 
compounds comprise at least one pyrrolidinyl group. Preferably the 
pyrrolidinyl group is prepared by the method which comprises selecting a 
solid support comprising at least one compound attached thereto which 
5 compound comprises a moiety selected from the group consisting of a 

complementary group having at least one site of carbon-carbon unsaturation 
and an azomethine ylide precursor; and 
converting said moiety to a pyrrolidinyl group. 

In this synthetic compound library, each compound of said plurality 

10 of different compounds is either covalently linked to the same solid support 
or are covalently linked to a different solid support. In one preferred 
embodiment, each compound in said library comprises a peptide compound 
wherein the pyrrolidinyl group is located at any point in the peptide 
sequence. As above, when a cleavable linker is employed, the 

15 pyrrolindinyl group can be cleaved from the support to provide for a 
soluble library. 

In another embodiment, the pyrrolidinyl group, either bound to the 
solid support or as a soluble compound can be subsequently modified to 
provide derivatives thereof. For example, the pyrrolidinyl group can be 
20 treated with an acylating reagent. A preferred acylating reagent comprises 
a compound having the formula: 

HSCH 2 CHR 3 C(0)X 
wherein R 3 is selected from the group consisting of alkyl, alkoxy, carboxyl, 
25 carboxyl ester, R 5 -C(0)- where R 5 is alkyl or aryl and X is bromine or 
chlorine, which provides for a mercaptoacyl proline derivative when the 
pyrrolidinyl group is proline. In a particularly preferred embodiment, each 
compound in said library comprises a different mercaptoacyl proline. 

Figure 7 illustrates that other modifications to the pyrrolidinyl ring 
30 can be conducted, for example, by formation of fused heterocyclic ring 
incorporating the pyrrolidinyl ring. Specifically, in Figure 7, soluble 4- 
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amino proline 12 having both amino groups blocked with different 
orthoganol protecting groups is attached to a solid support in the manner 
described above to provide for compound H. Alternatively, the 
pynolidinyl group of compound 13 is formed attached to the support and 

5 the reaction scheme is continued. 

Orthogonal deprotection removes the first protecting group while 
retaining the second followed by acylation to provide for acylated-4-amino 
proline having a protecting group on the ring amino group, compound J4. 
Removal of the protecting group followed by coupling of an Fmoc 

10 protected amino acid (R 2 is the amino acid side chain) provides for 

compound 1J>. Removal of the Fmoc group followed by acid catalyzed 
cyclization provides for fused heterocyclic compound J6 which is a 
derivative of the original pyrrolidinyl group. It is understood, of course, 
that the Fmoc group is shown for illustrative purposes and that other 

15 blocking groups can be used or, alternatively, the amine need not be 
protected depending upon the reaction conditions. 

The fused heterocyclic rings of Figure 7 can alternatively be formed 
during solid phase synthesis of a pyrrolidinyl group as illustrated in Figure 
8. Specifically, in Figure 8, soluble 4-amino-2-carboxyl-piperidine 17 

20 having both amino groups blocked with different orthoganol protecting 
groups is attached to a solid support in the manner described above to 
provide for compound IS. 

Orthogonal deprotection removes the first protecting group while 
retaining the second followed by acylation provides for compound 12. 

25 Removal of the second protecting group followed by imine formation 

(compound 20) and subsequent cycloaddition in the manner described above 
provides for compound 21. Cleavage of the linking arm provides for a 
soluble form of fused heterocyclic compound 22. 

Similar synthetic chemistry can be employed using a 4-amino- 

30 proline as the starting material to provide for the amino pyrrolidine 23. 
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WHAT IS CLAIMED IS: 

1. A method for synthesizing a pyrrolidinyl group covalently 
attached to a solid support which method comprises: 

5 (a) selecting a solid support comprising at least one compound 

covalently attached thereto which compound comprises a moiety selected 
from the group consisting of a complementary group having at least one 
site of carbon-carbon unsaturation and an azomethine ylide precursor; 
(b) converting said moiety to a pyrrolidinyl group. 

10 

2. The method according to Claim 1 wherein said moiety is an 
azomethine ylide precursor which is converted to a pyrrolidinyl group by 
first converting this precursor to an azomethine ylide followed by reaction 
with a complementary compound having at least one site of carbon-carbon 

15 unsaturation. 

3. The method according to Claim 1 wherein said moiety is a 
complementary group having at least one site of carbon-carbon unsaturation 
which is converted to a pyrrolidinyl group by reaction with an azomethine 

20 ylide. 

4. The method according to Claim 1 wherein the azomethine ylide 
precursor is an imine group having a methine or methylene hydrogen atom 
alpha to the nitrogen atom of the imine group or is convertible to such an 

25 imine group. 

5. The method according to Claim 1, further comprising the step 

of: 

treating the pyrrolidinyl group with an acylating reagent wherein 
30 said acylating reagent comprises a compound having the formula: 



HSCH 2 CHR 3 C(0)X 
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wherein R 3 is selected from the group consisting of alkyl, alkoxy, carboxyl, 
caiboxyl ester, R 5 -C(0)- where R 5 is alkyl or aryl and X is bromine or 
chlorine. 

5 6. A method for preparing a synthetic compound library produced 

by synthesizing on each of a plurality of solid supports a single compound 
wherein each compound comprises at least one pyrrolidinyl group, which 
library is synthesized in a process comprising: 

a) apportioning the supports comprising a covalently bound 

10 azomethine ylide precursor or a covalently bound complementary group 

comprising at least one site of carbon-carbon unsaturation among a plurality 
of reaction vessels; and 

b) exposing the supports in each reaction vessel under conditions 
wherein the azomethine ylide precursor or the complementary group is 

15 converted to a pyrrolidinyl group wherein said pyrrolidinyl group is 
different for each of the reaction vessels. 

7. The method according to Claim 6 further comprising the steps 

of: 

20 c) pooling the supports comprising a covalently bound pyrrolidinyl 

group; 

d) apportioning the supports comprising a covalently bound 
pyrrolidinyl group among a plurality of reaction vessels; and 

e) exposing the supports comprising a covalently bound pyrrolidinyl 
25 group in each reaction vessels to an alkylating reagent. 

8. The method according to Claim 6, further comprising the step 

of: 

cleaving at least a portion of the compound from the solid support. 

30 
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9. A method for preparing a synthetic compound library produced 
by synthesizing on each of a plurality of solid supports a single compound, 
wherein each compound comprises a pyrrolidinyl group, which library is 
synthesized in a process comprising: 

5 a) apportioning the supports among a plurality of reaction vessels; 

b) exposing the supports in each reaction vessel to a first monomer 
under conditions wherein the first monomer becomes covalently linked to 
the support wherein said first monomer is different for each of the reaction 
vessels; 

10 c) pooling the supports; and 

d) optionally repeating procedures a) through c) up to about 20 

times; 

wherein at least one of the monomers employed in procedure b) 
comprises a moiety selected from the group consisting of a complementary 
15 compound having at least one site of carbon-carbon unsaturation and a 
group convertible to an azomethine ylide precursor which moiety is 
converted to a pyrrolidinyl group prior to procedure c). 

10. The method according to Claim 9 wherein procedures a) 
20 through c) are conducted only once. 

11. The method according to Claim 9 wherein procedures a) 
through c) are conducted at least twice. 

25 12. The method according to Claim 9 wherein the group 

convertible to an azomethine ylide precursor is selected from the group 
consisting of aldehydes, ketones, and primary amines having a methine 
hydrogen atom alpha to the amino group and further wherein the 
azomethine ylide precursor is an imine group having a methine hydrogen 

30 atom alpha to the nitrogen atom of the imine group. 
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13. The method according to Claim 12 wherein the azomethine 
ylide precursor is converted to a pyrrolidine group by conversion to the 
azomethine ylide followed by reaction with a complementary compound 
having at least one site of carbon-carbon unsaturation. 

5 

14. The method according to Claim 2 or 9 wherein the 
complementary compound having at least one site of carbon-carbon 
unsaturation is selected from the group consisting of dimethyl maleate, 
dimethyl fumurate, methyl aery late, methyl methacyrlate, phenyl acrylate, 

10 ethyl acrylate, and acrylonitrile. 

15. The method according to Claim 6 or 9 wherein each of said 
supports contains a different compound. 

15 16. The method according to Claim 12 wherein said compound is 

attached to the support through a linking arm wherein said linking arm is 
selected from the group consisting of cleavable and non-cleavable linking 
arms. 

20 17. The method according to Claim 9, further comprising the steps 

of: 

e) apportioning the supports among a plurality of reaction vessels; 

and 

0 exposing the supports in each reaction vessel to an alkylating 

25 reagent. 

> 

18. A synthetic compound library comprising a plurality of 
different compounds each compound covalently linked to a solid support 
wherein each of said compounds comprise at least one pyrrolidinyl group 
30 which group is prepared by the method which comprises 
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(a) selecting a solid support comprising at least one compound 
attached thereto which compound comprises a moiety selected from the 
group consisting of a complementary group having at least one site of 
carbon-carbon unsaturation and an azomethine ylide precursor; and 
5 (b) converting said moiety to a pyrrolidinyl group. 

19. The synthetic compound library according to Claim 18, further 
comprising the step of: 

(c) treating said pyrrolidinyl group with an acylating reagent. 

10 

20. The synthetic compound library according to Claim 19, 
wherein the acylating reagent comprises a compound having the formula: 

HSCH 2 CHR 3 C(0)X 

15 wherein R 3 is selected from the group consisting of alkyl, alkoxy, carboxyl, 
carboxyl ester, R 5 -C(0)- where R 5 is alkyl or aryl and X is bromine or 
chlorine. 

21 . l-(3'-thio-2'(S)-methyl-l '-oxypropyl)-5-phenyl-2,4-pyrroMne- 
20 dicarboxylic acid 4-methyl ester and a pharmaceutical^ acceptable salt 

thereof. 
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